Study sites
Many rock glaciers in the Tien Shan have developed during the Holocene; their formation is likely to be associated with high rates of debris accumulation during phases of glacier retreat 1 .
All investigated rock glaciers are of (para-)glacial origin and emanate from cirques with small residual glaciers at altitudes between 3300 and 3800 m asl (Table S1 ), where they have been overwhelmed and depressed during Little Ice Age glacier advances 2 . The steep cirque walls and lateral slopes supply the debris for the rock glaciers 3 , which consist mainly of weathering-prone coarse-crystalline granite, schists and, in the case of Karakorum rock glacier, Cambrian gneisses 1, 3, 4 . The steep terminal fronts (>37°; Fig. S1 ) with loose boulders and the "drunken trees" (Fig. S2 ) growing on the rock glaciers indicate that the investigated rock glaciers are highly active 4-6 :
Dendrogeomorphology
More than 40 years ago, the principles of dendrochronology were further developed to include the dating of geomorphic events, thus establishing the principles of dendrogeomorphology 7 .
While the dendrogeomorphic approach has been widely applied in the field of natural hazards 8 , the lack of trees at high elevations, namely in permafrost regions, has so far limited its application in rock glacier research to a few studies [9] [10] [11] [12] . The principal idea behind the dendrogeomorphic approach in a periglacial context is that trees growing on rock glaciers will react to unstable growing conditions from pronounced rock glacier activity with the formation of growth anomalies. Horizontal forces in the shallow root zone can result in tree tilting ("drunken forest"
9
) and thus initiate the formation of compression wood, but also lead to the (partial) destruction of the root plate and thus induce a strong growth reduction. The burial of the tree stem base may lead to abrupt growth suppression as well. All these reactions can be dated with annual or even seasonal resolution. 
Mass balance
Mass balance has been assessed since 1957 at Tuyuksu glacier, which makes this data set the longest mass balance series in Central Asia. The mass balance data were made available through the World Glacier Monitoring Service 13 , the original author is P. A. Cherkasov. For the period 1895-1957, we relied on reconstructed mass balance of Tuyuksu glacier [14] [15] [16] .
Earthquakes
We analysed all documented earthquakes with a magnitude higher than 5 and with an epicenter within a 200 km radius around 43°N / 77°E since 1895. The data were downloaded from the U.S.
Geological survey earthquake data base (www.earthquake.usgs.gov: Significant Earthquakes World Wide (NOAA) and Historical & Preliminary Data (PDE) catalogs).
Aerial photographs and satellite imagery
All aerial photographs used in this study were provided by the Institute of Geology of the Table S4 .
Contemporary high-resolution satellite images with spatial resolutions between 0.5 to 1 m for all four sites were co-registered, if more than one was available for a site, and orthorectified using (18) 229 (27) 142 (16) 18 (2) 110 (12) 883 Turgen Aksu 32 (8) 11 (3) 208 (50) 151 ( the center of the rock glacier tend to be tilted backwards (upslope; red), whereas trees at the edge tend to bend away from the rock glacier (downslope; green). than for the other rock glaciers and uncertainty is high due to bad image quality.
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